Abstract: Two-dimensional (2D) grid coordination polymers were prepared by the reaction of 1,4-bis(4-pyridylmethyl)tetrafluorobenzene (bpf) with Cu(NO 3 ) 2 in the presence of aromatic compounds. Crystal structures of { [Cu(bpf) 
Introduction
Coordination networks with inner cavities and channels constructed from metal ions and bridging ligands [1] [2] [3] [4] have attracted much attention owing to their potential functionalities such as molecular adsorption [5] [6] [7] [8] , ion-exchange [9, 10] , and heterogeneous catalysis [11, 12] . Rational design of porous OPEN ACCESS coordination networks with specific functions has been achieved by well-planned organic ligands and metal ions of various coordination geometries and oxidation states. We have reported the preparation of a series of clathrate coordination networks with Cd(NO 3 ) 2 and fluorinated flexible ligands Py-CH 2 -X-CH 2 -Py (Py = 4-pyridyl; X = C 6 F 4 , C 6 F 4 C 6 F 4 or C 10 F 6 ) [13] [14] [15] [16] . These networks have remarkable clathration ability for guest aromatic compounds whose structures and topologies differ significantly depending on the size, shape, and number of the guest to afford one-dimensional (1D) cyclic chains, two-dimensional (2D) grids, or three-dimensional (3D) diamond networks. Fluorine atoms contained in the flexible ligands are mainly responsible for the clathration ability through C-H···F and/or arene-perfluoroarene interactions [14] . The authors report here the structures and characterizations of a new number of this family with Cu(NO 3 ) 2 , the flexible fluorinated ligand 1,4-bis(4-pyridylmethyl)tetrafluorobenzene (bpf) and guest aromatic molecules.
Results and Discussion
The reaction of Cu(NO 3 ) 2 
Description of Crystal Structure of {[Cu
The structure of 2 is identical to that of 1 with the same space group C2/c and similar unit cell dimensions. The diagonal-to-diagonal distances of the cyclic cavity are 15.16 × 28.48 Å, corresponding to the dimensions of the b and c axes, and the grid dimensions are 16.13 Å. Two guest molecules are clathrated in a cavity through arene-perfluoroarene interactions with the shortest intermolecular contact C7···C24 of 3.462 Å.
Description of Crystal Structure of {[Cu(bpf) 2 (NO 3 ) 2 ]·Ph t Bu} n (3)
When t-butylbenzene is used, which contains a bulky group, only one guest molecule is clathrated in each cavity to afford 3. Figure 2(a) shows that the disordered t-butylbenzene molecules are clathrated at the cavity centers in the 2D grid network. The cavity is not exactly a rhombus but a quadrangle in which the two pairs of adjacent sides are the same (15.80 and 16.12 Å), and the diagonal-to-diagonal distances are 15.00 × 28.18 Å. This 2D sheet is relatively flat, and is made up of layers stacked on each other with an interplane distance of 5.8 Å. These layers are linked by two types of hydrogen bonds [ Figure 2(b) ]. An oxygen atom of the nitrate anion binds to both the methylene group and pyridine ring of the neighboring layer (N3-O2···H6A (pyridine): 2.446 Å), whereas fluorine atoms of the perfluorophenylene ring bind to pyridine rings of the neighboring layer (H1A···F1: 2.547 Å; H10A···F3: 2.468 Å). Consequently, microchannels still remain in the solid along the a axis [ Figure 2(c) ]. 
Description of Crystal Structure of {[Cu(bpf) 2 (NO 3 )(H 2 O)]NO 3 ·(bpf) 0.5 } n (4)
The coordination environment of 4 is different from those of the other networks. Instead of an uncoordinated NO 3 − anion bonding to a water molecule through a hydrogen bond, the oxygen atom of a water molecule coordinates to the copper ion, while the other NO 3 − anion coordinates to the copper ion in a monodentate mode [ Figure 3(a) ]. Some selected bond lengths and angles around the Cu center are listed in Table 2 . The grid sheet structure of 4 is shown in Figure 3 
Experimental Section

Materials
Ligand bpf was prepared in a similar manner as described in the literature [14] . Coordination networks were prepared in air. Cu(NO 3 ) 2 ·3H 2 O and biphenyl were purchased from Kanto Chemical Co., Ltd. m-Dimethoxybenzene and t-butylbenzene were purchased from Tokyo Chemical Industry Co., Ltd. 2 (2) . A solution of bpf (20 mg, 0.06 mmol) in ethanol (4 mL) was added to a solution of Cu(NO 3 ) 2 ·3H 2 O (7.2 mg, 0.03 mmol) in H 2 O (1 mL) with stirring. After filtration, m-dimethoxybenzene (0.25 mL, 1.9 mmol) was added slowly. The mixture was allowed to stand for 48 h at room temperature to give blue prism shaped crystals (yield: 7.2 mg, 20% 
Synthesis of {[Cu(bpf) 2 (NO 3 ) 2 ]·(biphenyl)
Synthesis of {[Cu(bpf) 2 (NO
3 ) 2 ]·(m-C 6 H 4 (OMe) 2 ) 2 } n
Crystallographic Data Collection and Refinement
Crystal data for all the structures were collected with a Bruker SMART/CCD diffractometer (Mo Ka radiation, λ = 0.71073 Å) by the ω-2 θ scan technique using frames of 0.3° oscillation (1.92 ≤ 2θ ≤ 28.01° for 1; 2.54 ≤ 2θ ≤ 28.02° for 2; 1.90 ≤ 2θ ≤ 27.56° for 3; and 2.02 ≤ 2θ ≤ 28.02° for 4). An empirical absorption correction was applied using the SADABS program. The structures were solved by the direct method (SIR 97 [22] for 1, 2, and 4 and SHELXS 97 [23] for 3) and refined by full-matrix least-squares against F 2 of all data using the SHELXL 97 program package [24] . The positions of the hydrogen atoms were generated geometrically, assigned isotropic thermal parameters, and allowed to ride on their respective parent atoms before the final cycle of least-squares refinements.
Crystallographic data for the four structures are listed in Table 3 . CCDC-282151-CCDC-282154 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
Conclusions
Assembly of Cu(II) with flexible fluorinated ligand bpf in the presence of aromatic compounds affords 2D grid coordination networks. The guest molecules are clathrated in cyclic cavities of the grid networks. The grid networks are held together by C-H···O and C-H···F hydrogen bonds via the NO 3 − anions and tetrafluorophenylene rings of bpf, respectively. The guest aromatic rings are held in the cavity by arene-perfluoroarene interactions. Even in the absence of aromatic compounds, the combination of Cu(NO 3 ) 2 and bpf can afford a 2D grid network which clathrates the ligand as a guest molecule. These coordination networks have remarkable clathration ability for aromatic compounds.
